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Wednesday, February 11, 2015 615astorage, and release of the neurotransmitter acetylcholine and its postsynaptic
activation of the nicotinic acetylcholine receptor. Many lines of evidence sup-
port the idea that in addition to acetylcholine, additional neurotransmitters and/
or neuromodulators are also released from cholinergic synapses. Utilizing a
single-vesicle imaging approach, we have found that individual synaptic vesi-
cles from the electric ray possess neurotransmitter transporters for glutamate,
ATP, and acetylcholine. In addition to those transporters, cholinergic synaptic
vesicles from the electric ray also possess an orphaned transporter from the
bile acid transport family, SLC10A4. We are now expanding our research to
identify the molecules transported by SLC10A4 using multiple biochemical
approaches and a mouse knockout model.
Magnetic Resonance Spectroscopy, Imaging, and
EPR Spectroscopy
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Water self-diffusion in brain cortical tissue has been shown to have two com-
ponents by diffusion NMR measurement. This phenomenon is tissue
microstructure-related and is essential for understanding the diffusion NMR
signals’ changes associated with some physiological processes, such as acute
stroke, neuronal activation, etc. However, the biophysical mechanisms explain-
ing multi-component diffusion inside cortical tissue and possible exchange
among components are still poorly understood.
Here we propose using a Diffusion (D) – Transverse Relaxation (T2) 2D corre-
lation NMRmethod to characterize the multi-component water dynamics in the
biological tissue. In the first dimension, the diffusion is measured by a spin echo
in a strong static magnetic field gradient, which can efficiently shorten the diffu-
sion time to be less than 1.6ms, making the effect of exchange negligible. In the
second dimension, a CPMG pulse sequence is used to measure the T2 of each
diffusion component. Here, exchange will affect the NMR signal evolution dur-
ing this long T2 encoding period. In this 2DD-T2 NMRmethod, each dynamics-
different water component can be characterized by its specific (D, T2) combina-
tion and the exchange process among different components can also be quanti-
fied simultaneously. Another unique aspect of this work is that our NMR data is
obtained using a single-sided NMR system with permanent magnet.
Furthermore, temperature-dependent D-T2 experiments were performed on
cortical tissue from fixed rat brain. The self-diffusion constant of both the
fast and slow diffusion components and the exchange between them are slowed
as the temperature decreases, whereas the slow diffusion component shows
higher translational activation energy. More interesting and surprising, the rela-
tive fraction of each component is also observed to have a strong dependence
on the temperature, which indicates this bi-component diffusion is diffusion-
distance dependent.
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Despite the importance and large number of membrane proteins, relatively
limited structural information is known about them. New biophysical tech-
niques are needed to probe their structural properties. Their hydrophobic nature
and low expression yields cause difficulties for traditional structural techniques
such as x-ray crystallography and solution NMR. ESEEM spectroscopy indi-
rectly observes NMR transitions through an electron spin coupled to a nearby
NMR active nucleus. ESEEM can detect weak dipolar interactions between a
NMR active nucleus and a spin label out to a distance of approximately 8 A˚.
The modulation depth for weakly coupled nuclei is scaled by 1/r6. A novel
approach is being developed to probe the secondary structure of membrane pro-
teins and peptides qualitatively utilizing the three-pulse Electron Spin Echo
Envelope Modulation (ESEEM) pulse sequence. In order to demonstrate the
practicality of this biophysical technique, the M2delta subunit of AChR (a-he-
lical) and KIGAKI(b-sheet) peptides were incorporated into phospholipids bi-
celle to probe their secondary structure with ESSEM spectroscopy. Utilizing
site-directed spin-labeling (SDSL) coupled with deuterated amino acid labeling
of the peptides, the corresponding ESEEM spectra reveal characteristic patterns
for a-helix and b-sheet structures. This ESSEM secondary structural approach
can be used with different deuterated amino acids and provide pertinent qual-
itative structural information on membrane proteins in a short period of time
(10 minutes) with small amounts of sample (30 mg).3103-Pos Board B533
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Small uni-lamellar vesicles were prepared from 1-palmitoyl-2-oleoylphospha-
tidylcholine (POPC) with 1% spin label of 1-palmitoyl-2-(16-doxylstearoyl)
phosphatidylcholine (16-PC). POPC membranes are in the fluid phase in the
physiological temperature range, which ensures high solubility of oxygen in
the membrane center where the 16-PC nitroxide moiety is located. The nitro-
xide moiety is isolated from cellular reductants and paramagnetic ions that
might interfere with spin-label oximetry measurements. This analyte is stable
in cell suspensions and can be used in studies as long as 400 min. The saturation
recovery EPR approach, possibly for the first time, was used to study cellular
respiration of rat dopaminergic neuronal cells. It is widely accepted that this
approach is the most direct way to carry out oximetric studies. The preliminary
experiments were carried out at X-band for closed chamber geometry. Oximet-
ric measurements were performed for cell concentrations from 750 to 5000
cells in one mL of culture media. Results confirmed that the oxygen consump-
tion rate was linearly proportional to the number of cells. Furthermore at the
lower cell concentration, we found a breaking point in the rate which is not
due to diffusion limitation but is due to the change in cell metabolism because
there is not enough oxygen, consistent with Michaelis-Menten kinetics. In the
developed analyte, the same hydrocarbon environment, which dissolves oxy-
gen very well, always surrounds nitroxide moieties of spin-label molecules.
Therefore, the partial pressure of oxygen influence the EPR spectrum of
spin-labels in the analyte. Such microscopic analytes are readily and uniformly
distributed within the sample, thus giving a rapid response to changes in oxygen
partial pressure. The improved oximetry methodology developed here presents
a high impact opportunity for non-invasive assessment of disease mechanisms
and response to therapeutic intervention.
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KCNQ1 is a membrane-bound protein composed of 676 amino acids with a mo-
lecular weight of 75 kD and contains 6 transmembrane helices. KCNQ1 is a
voltage-gated potassium channel primarily involved in the transport of potas-
sium in the human heart. The activity of KCNQ1 is modulated by the integral
membrane protein KNCE1 (also known as MinK). This potassium modulation
is critical for repolarization in the heart, specifically in the left ventricle. Muta-
tions in the KCNQ1 and KCNE1 genes have been linked to genetic disorders
such as long QT syndrome, sudden infant death syndrome (SIDS), as well as
deafness. However, most current studies between KNCQ1 and KCNE1 have
been from an electrophysiological or functional standpoint, which leaves struc-
tural and dynamic information on the proteins unknown. EPR spectroscopy is a
powerful structural biology tool that can be used to probe both protein struc-
tures as well as protein-protein interactions between KCNQ1 and KCNE1.
Currently, we have overexpressed full length KCNE1 and the C-terminal
domain of KCNQ1. In this study, we used both continuous-wave (CW) EPR
and the pulsed EPR technique of double electron-electron resonance (DEER)
to probe the structural and dynamic parameters of the interaction of KCNQ1
and KCNE1.
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Electron Paramagnetic Resonance (EPR) spectroscopy is a powerful struc-
tural biology tool when combined with site-directed spin labeling (SDSL)
to study the structure and dynamics of peptides and proteins. The most widely
used spin label for SDSL is methanthiosulfonate (MTSL), however the flex-
ibility of this spin label introduces greater uncertainties in the EPR measure-
ments obtained for determining structure, side chain dynamics, and backbone
motion of membrane protein systems. Most recently, a new bifunctional spin
label (BSL) 3,4-Bis-(methanethiosulfonylmethyl)-2,2,5,5-tetramethyl-2,5-di-
hydro-1H-pyrrol-1-yloxy, has been introduced to overcome some of the lim-
itations associated with the MTSL spin label and has been invaluable in
determining protein dynamics and inter-residue distances due to its restricted
internal motion and fewer size restrictions. While BSL has been successful in
616a Wednesday, February 11, 2015providing information about the structure and dynamics of several proteins,
the details of its characterization is lacking. The goal of this research is to
gain insights into the behavior of the BSL that has been so useful in providing
details to characterize a variety of protein systems. Fmoc solid phase peptide
synthesis (SPPS) has been used to generate a series of double cysteine
mutants of the 23 amino acid a-helical membrane peptide, AChR M2delta
at i and iþ4 residue positions. BSLs bearing peptides were incorporated
into 1,2-Dimyristoyl-sn-Glycero-3-Phosphocholine (DMPC) bicelles and
multilamellar vesicles. The spectra were collected at different temperatures
utilizing continuous wave (CW)-EPR spectroscopy to examine the dynamics
of the BSL within a membrane. The EPR spectral lineshape analysis will be
conducted to obtain the static and dynamic EPR parameters. This study will
provide more accurate insights into the behavior of BSL in order to provide
the optimal conditions for other studies that may utilize this promising spin
label.
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KCNQ1 is a voltage-gated potassium channel modulated by members of the
KCNE protein family. KCNQ1 is essential to both the cardiac action poten-
tial that mediates heartbeat and Kþ homeostasis in the inner ear. KCNQ1
dysfunction has been linked to multiple diseases, including various cardiac
arrhythmias, congenital deafness, and type II diabetes mellitus. Human
KCNQ1 is a 676-residue protein consisting of 100-residue N-terminal cyto-
solic domain, followed by an ~260-residue channel domain containing six
transmembrane (TMD) helices, and a 300-residue cytosolic C-terminus.
The first four TMD helices (S1-S4) form the voltage-sensor domain
(VSD) that is linked to the pore domain (helices S5 and S6). Roughly
40% of the >200 reported disease-related mutations in the KCNQ1 gene
result in amino acid substitutions in the VSD, making structural and dynamic
studies of this domain important in unraveling molecular mechanisms in hu-
man pathophysiology. Site-directed spin labeling EPR is a very powerful
structural biology technique to study the structural and conformational dy-
namics of membrane proteins in membrane environment. In this study, we
have successfully expressed the Cysteine substituted Q1-VSD in E. Coli, pu-
rified into detergent micelles, labeled with MTSL spin labels, and collected
CW-EPR spectra. We are developing several advanced EPR spectroscopic
techniques (such as double electron-electron resonance (DEER) and electron
spin echo envelope modulation (ESEEM)) for probing the structural and dy-
namic properties of Q1-VSD in a lipid bilayer environment. This study will
provide important mechanistic information on the Q1-VSD channel upon
binding with KCNE1.
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The line shape of cw electron paramagnetic resonance (EPR) spectra of spin
labeled proteins has been used extensively to analyze local dynamics, backbone
fluctuations and structural rearrangements of these systems. The commonly
used paramagnetic spin label MTSSL, a methanethiosulfonate derivative,
attached to the protein via covalent disulfide coupling on a designated cysteine
residue serves as a reporter of these properties. Much effort has been made to
extract structural and dynamic information as encoded in the observed line
shapes.
In this study we use single crystals of MTSSL labeled T4 lysozyme as a proto-
type example of an a-helical protein to investigate the structure and dynamics
of the paramagnetic side chain in detail by a combination of X-ray crystallog-
raphy and EPR spectroscopy. X-ray diffraction is used to determine the orien-
tation of the unit cell with respect to the EPR sample tube, which in turn allows
to determine the orientation of the spin labels for every EPR spectrum of an
angular dependent series given that the structure and orientation of the proteinin the unit cell is known. To this end high-resolution crystal structures (0.9 - 1.3
A˚) of spin labeled T4 lysozyme were taken at 100 K and are compared to data
deposited in the protein data bank.
On this poster we will discuss the angular dependent line shape of the EPR
spectra taken at room temperature with respect to the orientation of the spin la-
bel as deduced from X-ray crystallography at 100 K. Particular emphasize will
be on the ability of currently available models to describe the observed dy-
namics of the spin label and the implications of this for the line shape analysis
of disordered samples.
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Double electron-electron resonance (DEER) spectroscopy is a powerful elec-
tron paramagnetic resonance experiment that provides 2-8nm distance mea-
surements between spin-labels in systems varying from small, soluble
proteins, to large, membrane-bound complexes. A key strength of DEER is
that it reports a distance distribution corresponding to conformational ensem-
bles in frozen solutions. However, in practice its usable information is often
limited to the dominant spin-spin distance. Peak widths and shapes, which
describe conformational heterogeneity, are highly sensitive to time-domain
noise, regularization parameters, and spin-label conformations. A robust
method for quantifying uncertainty in DEER distributions does not currently
exist, complicating interpretation. Here we demonstrate the use of Bayesian
statistical inversion methods to generate conditional covariance estimates and
Bayesian credibility sets in DEER data analysis. To decouple true uncertainty
from spin-label conformations, we attached spin labels featuring varying flex-
ibilities to maltose binding protein (MBP) and measured using DEER under
varying conditions. By determining the contributions to DEER data from
both the spin-label and uncertainty, we have taken an important step towards
robust assignment of distance distribution features to protein conformations.
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Calmodulin (CaM) is a 16.7 kDa, Ca2þ-sensing protein that regulates a number
of cellular targets based on the amount of Ca2þ available in a cell. One of
CaM’s cellular targets is the ryanodine receptor (RyR), a tetrameric Ca2þ chan-
nel involved in Ca2þ release from the sarcoplasmic reticulum (SR) in myo-
cytes. CaM’s regulation of the RyR has been shown to be disrupted due to
both oxidative modification and naturally occurring mutations in CaM, howev-
er the structural aspects of CaM’s binding to the full RyR, and how this binding
is disrupted in disease states, has not been completely characterized.
By applying a combination of solution and solid-state NMR techniques we are
able to characterize the structure and dynamics of CaM’s binding interaction
with the RyR on a residue-specific basis in a biologically relevant environment.
Solution-state NMR experiments provide an assessment of the changes in fast
timescale dynamics with exposure to the SR, while magic angle spinning
(MAS) solid-state NMR in both extracted SR and reconstituted lipids charac-
terize conformational and topological changes with CaM in the presence of
the RyR. Our results indicate that CaM does exhibit changes in chemical shift
and dynamics in the presence of the RyR, and that oxidation and disease mu-
tations of CaM exhibit structural and dynamics changes compared to WT
CaM. These results are being applied toward the determination of a structural
model for CaM bound to the RyR, and structural models of how this interaction
is altered in the development of disease states.
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High-resolution multi-dimensional solution NMR is unique as a biophysical
and biochemical tool in its ability to examine both the structure and dynamics
of macromolecules at atomic resolution. Conventional non-TROSY/
deuteration solution NMR approaches, however, are largely limited to exam-
inations of relatively small (< 25 kDa) molecules, mostly due to the
